Functional connectivity between the amygdala and the prefrontal cortex is critical for socioemotional processing, particularly during face processing. Though processing others' emotions is important for a myriad of complex social behaviors, more research is needed to understand how different types of emotional facial expressions differentially elicit connectivity of the amygdala with widespread neural regions. Moreover, though prior studies have reported cross-sectional associations between altered amygdala-prefrontal cortex functional connectivity and internalizing symptoms (e.g., depression, anxiety), few studies have examined whether amygdala functional connectivity is prospectively related to changes in these symptoms, with little work focusing on low-income men living in stressful contexts. The current study used psycho-physiological interaction analyses at the within-subjects level to examine how amygdala connectivity differed while participants viewed fearful, angry, and neutral faces. We used structural equation modeling at the between-subjects level, using extracted parameter estimates, to test whether amygdala connectivity during face processing predicted increases in internalizing psychopathology over time, controlling for earlier symptoms. An urban sample of 167 young men from low-income families was employed. Results indicated that negative connectivity between the amygdala and prefrontal regions was modulated by emotional face type. Neuronal activity in the cingulate and frontal cortices was connected to amygdala reactivity during fearful and neutral, but not angry, face processing. Moreover, weaker left amygdala-left middle frontal gyrus negative connectivity when viewing fearful faces and stronger right amygdala-left inferior frontal gyrus negative connectivity when viewing neutral faces at age 20 both predicted increases in internalizing behaviors from age 20 to age 22. Our findings show that amygdala-prefrontal cortex connectivity can predict the persistence of internalizing symptoms among high-risk participants over time but suggest that these patterns may differ depending on the emotional stimuli examined.
Functional connectivity between the amygdala and the prefrontal cortex is critical for socioemotional processing, particularly during face processing. Though processing others' emotions is important for a myriad of complex social behaviors, more research is needed to understand how different types of emotional facial expressions differentially elicit connectivity of the amygdala with widespread neural regions. Moreover, though prior studies have reported cross-sectional associations between altered amygdala-prefrontal cortex functional connectivity and internalizing symptoms (e.g., depression, anxiety), few studies have examined whether amygdala functional connectivity is prospectively related to changes in these symptoms, with little work focusing on low-income men living in stressful contexts. The current study used psycho-physiological interaction analyses at the within-subjects level to examine how amygdala connectivity differed while participants viewed fearful, angry, and neutral faces. We used structural equation modeling at the between-subjects level, using extracted parameter estimates, to test whether amygdala connectivity during face processing predicted increases in internalizing psychopathology over time, controlling for earlier symptoms. An urban sample of 167 young men from low-income families was employed. Results indicated that negative connectivity between the amygdala and prefrontal regions was modulated by emotional face type. Neuronal activity in the cingulate and frontal cortices was connected to amygdala reactivity during fearful and neutral, but not angry, face processing. Moreover, weaker left amygdala-left middle frontal gyrus negative connectivity when viewing fearful faces and stronger right amygdala-left inferior frontal gyrus negative connectivity when viewing neutral faces at age 20 both predicted increases in internalizing behaviors from age 20 to age 22. Our findings show that amygdala-prefrontal cortex connectivity can predict the persistence of internalizing symptoms among high-risk participants over time but suggest that these patterns may differ depending on the emotional stimuli examined.
Socioemotional processing, including attention to and appraisal of others' emotions, is critical for interpersonal functioning. Facial expressions are robust indicators of others' emotions, and humans have evolved to specifically detect facial expressions that signal threat (i.e., anger), distress (i.e., fear), and ambiguity (i.e., neutral faces) (Ekman and Friesen, 1976; Oatley and Johnson-Laird, 1987; Whalen and Phelps, 2009) . Though neural processes enable humans to attend and respond to affectively-laden facial expressions, variability in how the brain processes socioemotional information is associated with serious psychiatric disorders, including anxiety and depression (Kim et al., 2011; Price and Drevets, 2010) . To extend this knowledge base, the current study investigated how multiple emotional facial expressions differentially elicited neural patterns in a racially diverse sample of young men living in low-income urban contexts, and whether specific patterns of neural connectivity during socioemotional processing predicted changes in psychopathology over time.
The corticolimbic circuit, which includes the amygdala and regions of the prefrontal cortex (PFC), is critical for socioemotional processing (LeDoux, 2000; Ochsner et al., 2012; Whalen and Phelps, 2009 ). The amygdala is highly sensitive to facial expressions that signal threat, uncertainty, or other salient information in the environment, and is robustly activated during functional magnetic resonance imaging (fMRI) tasks where participants either implicitly or explicitly view emotional faces (Fusar-Poli et al., 2009; Shi et al., 2013) . Medial and lateral regions of the PFC, as well as the anterior cingulate cortex (ACC), also support socioemotional processing by integrating affective valuations from the amygdala with inputs from other neural regions, including the brainstem and thalamus (Egner et al., 2007; Etkin et al., 2006; Fuster, 2001; Ochsner et al., 2012) . Functional parcellation of the medial frontal lobe suggests a rostral-ventral distinction in emotion processing where the dorsal ACC, dorsal-medial PFC (dmPFC), and dorsal-lateral PFC (dlPFC) support the cognitive components of emotion processing (e.g., appraisal), while the ventral ACC (including the rostral and subgenual components) and the ventro-medial PFC (vmPFC) and ventro-lateral PFC (vlPFC) support emotion regulation (Etkin et al., 2011; Fuster, 2001 ).
The mPFC is structurally and functionally connected to the amygdala (Kim et al., 2011) . Bi-directional functional connections support bottom-up signaling from the amygdala to represent salient information about emotional stimuli and top-down signaling from the PFC to regulate responses to emotional stimuli (Ochsner and Gross, 2005; Quirk et al., 2006; Stein et al., 2007) . Compared to healthy controls, patients with vmPFC lesions show persistent amygdala reactivity to aversive images (Motzkin et al., 2015) , highlighting the important regulatory role of the mPFC. Though not as extensively or directly structurally connected to the amygdala as the mPFC (Ghashghaei and Barbas, 2002) , lateral regions of the PFC (particularly the dlPFC) also have been shown to be functionally connected to the amygdala in resting-state and task-based connectivity studies (Lu et al., 2012; Sato et al., 2016; Stein et al., 2007) . Thus, the reciprocal functional connections between the amygdala and areas of the PFC suggest the need to investigate these brain regions as part of one "corticolimbic circuit" (Hariri, 2015) . A circuit-based approach is particularly relevant for studies exploring complex socioemotional behavior, including internalizing symptoms such as anxiety and depression (Sporns et al., 2004; van den Heuvel and Hulshoff Pol, 2010) .
A recent meta-analysis of 49 task-based connectivity studies (Di et al., 2017) showed that the amygdala is more strongly functionally connected to a host of regions during face processing (particularly fear) when compared to baseline, including the medial frontal gyrus (Brodmann Area [BA] 10), anterior cingulate gyrus (BA 32, 24) , and inferior frontal gyrus (BA 47). However, this meta-analysis also highlighted several limitations of existing research examining amygdala connectivity patterns during emotion processing. Notably, many studies of task-based amygdala connectivity have only focused on fearful face processing. However, the amygdala plays a broad role in processing threat, danger, and salience (LeDoux, 2000; Whalen et al., 2001) , which have also been probed with angry facial expressions and ambiguous neutral faces (Marusak et al., 2016; Neta and Whalen, 2010; Pollak and Sinha, 2002) . Each facial expression is thought to represent a different type or degree of threat or salience. For example, whereas angry facial expressions with directed eye gaze may represent a clear and direct threat, fearful facial expressions with directed eye gaze may represent a more ambiguous threat, as the source of threat is unclear (Adams et al., 2003) . Neutral faces are ambiguous and may also be interpreted negatively (Blasi et al., 2009) , particularly for individuals who have grown up in adverse environments (Marusak et al., 2016; Pollak and Sinha, 2002) . Thus, delineating how connectivity between the amygdala and widespread neural regions varies by emotional face type may help to elucidate how threat and ambiguity are processed in the brain.
Though processing emotional facial expressions enables individuals to interact with their social environments, individuals who present with internalizing symptoms, including anxiety and depression, show exaggerated attention to threatening stimuli (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007) . This greater attention to emotion is evident even at the neural level, with studies showing aberrant patterns of functional connectivity (i.e., in both task-based paradigms and at rest) within the corticolimbic circuit among individuals with elevated internalizing symptoms or disorders (Etkin et al., 2010; Hardee et al., 2013; Kim et al., 2011; Lu et al., 2012; Prater et al., 2013) . Specifically, a failure of the PFC to downregulate amygdala hyper-activation to threatening facial expressions is thought to increase risk for anxiety and depression (Kim et al., 2011; Rive et al., 2013 ). Yet much of this prior research has been cross-sectional. Prospective, longitudinal studies are needed to examine temporal relations between neural and behavioral markers of psychopathology, accounting for current levels of internalizing symptoms. Such a longitudinal design could examine specifically whether weakened corticolimbic connectivity is prospectively related to changes in internalizing symptomatology over time. Greater amygdala reactivity to emotional (and neutral) facial expressions has been associated with increases in negative affect in children (Gaffrey et al., 2016) , poorer antidepressant treatment response in adults (Goldstein-Piekarski et al., 2016) , and increases in depressive symptoms in both the current sample (Mattson et al., 2016) and others (Swartz et al., 2015) . However, with two exceptions (Connolly et al., 2017; Scheuer et al., 2017) , relatively little work has examined whether amygdala functional connectivity predicts changes in internalizing symptoms over time. As emerging research emphasizes that coordinated neural networks are more likely to explain complex behavior than activity in single regions of interest (Woo et al., 2017) , research is needed to understand how connectivity within the corticolimbic circuitry is prospectively related to complex behavior across time.
Moreover, much of the research examining associations between corticolimbic connectivity and internalizing symptoms has relied on resting state functional connectivity (Connolly et al., 2017; Scheuer et al., 2017) , which does not allow for the assessment of task-based changes in connectivity in relation to specific types of stimuli. As internalizing disorders (and symptoms) are associated with variability in socioemotional processing (e.g., individuals with anxiety show neural hypersensitivity to threatening stimuli) Price and Drevets, 2010) , studies are needed that examine neural correlates of changes in internalizing symptoms using task-based connectivity analyses. One method that can complement resting state approaches is psycho-physiological interaction (PPI) analysis, which can identify whether functional coupling between two regions is moderated by task condition (Friston et al., 1997) . PPI analysis is critical for studying emotional face processing because it quantifies both the direction and strength of connectivity. Thus, PPI analysis allows inferences to be drawn about how connectivity between two regions changes while participants view one face type (e.g., fear) versus another condition, and how these patterns vary by contrast (e.g., fearful face > baseline versus neutral face > baseline).
Examining the hierarchical structure of internalizing behaviors using structural equation modeling (SEM) represents a useful method to explore how neural activity within different contrasts (e.g., fearful face > baseline) are related to internalizing psychopathology. In particular, anxiety and depression are highly comorbid phenotypically, with both disorders marked by heightened negative affect and oversensitivity to threat cues (Etkin, 2012; Krueger and Markon, 2006; Price and Drevets, 2010) . Moreover, symptoms of anxiety and depression often load onto a broad internalizing latent construct within SEM frameworks (Hankin et al., 2016; Krueger and Markon, 2006; Lahey et al., 2012) . However, the majority of neuroimaging studies have focused separately on anxiety or depression (e.g., Etkin et al., 2010; Prater et al., 2013; Siegle et al., 2007) . As evidence suggests that psychopathology is both hierarchically-organized and dimensional in nature (Krueger and Markon, 2006) , studies are needed to explore whether weakened corticolimbic connectivity represents a risk factor for the overlap (i.e., shared variance) of these two disorders (Zald and Lahey, 2017 ) using dimensional measures.
Additionally, studies examining associations between functional connectivity and internalizing symptoms have often focused on femaleonly samples (e.g., Kaiser et al., 2017; Laeger et al., 2012) . Although women are more likely to be diagnosed with internalizing disorders than men (Kessler et al., 1994) , the lifetime prevalence for internalizing disorders in men is still substantial, with some estimates as high as 19% (Kessler et al., 1994) . Thus, more research is needed to understand the biological mechanisms of internalizing behaviors in male samples. Moreover, as many connectivity studies have used samples of convenience (e.g., ethnic majority samples, relatively high SES) we know little about how these processes unfold in individuals living in lower SES contexts and in ethnic minority populations, who are exposed to high levels of stress and show concomitant high rates of mental health problems (Falk et al., 2013; Hyde, 2015; Robins and Regier, 1991) . Finally, the transition to adulthood between ages 19-23 is a developmental stage marked by changing roles, increasing independence, and increased risk for psychopathology (Arnett, 2000; Obradovic et al., 2006; Schulenberg et al., 2004) . Thus, outside of the late-childhood and adolescent period, young adulthood represents a critical window for understanding the persistence and escalation in psychopathology.
The purpose of the current study was to (1) characterize the connectivity of the amygdala during emotional face processing (i.e., in response to viewing fearful, angry, and neutral faces), at the withinsubjects level, in a racially diverse sample of low-income, urban males, and (2) examine prospective, longitudinal associations between amygdala functional connectivity and changes in internalizing symptoms in young adulthood from ages 20-22, at the between-subjects level.
Consistent with existing meta-analytic evidence (Di et al., 2017; Robinson et al., 2009 ) and prior research using PPI models in face processing tasks (Cremers et al., 2010; Iidaka et al., 2001; Monk et al., 2008) , we hypothesized that the left and right amygdala would exhibit stronger positive connectivity with visual processing regions and stronger negative connectivity with the PFC (particularly the vmPFC and ventral ACC) during face processing versus a non-face control condition, at the within-subjects level. At the between-subjects level, we hypothesized that weaker negative corticolimbic connectivity would predict increases in internalizing psychopathology, reflecting an impairment of the PFC to downregulate heightened threat-related amygdala reactivity (Myers--Schulz and Koenigs, 2012). We did not have hypotheses about the specificity of these effects for connectivity in response to the different facial expressions examined (fearful, angry, and neutral) based on the relative lack of research in this area to date.
Materials and methods

Participants
Participants are part of the Pitt Mother & Child Project (PMCP), a longitudinal study of 310 low-income boys and their families recruited in 1991 and 1992 from Allegheny County Women, Infant and Children (WIC) Nutritional Supplement Clinics when boys were 6-17 months old (Shaw et al., 2012) . The sample is low income and ethnically diverse (52% European-American, 38% African-American, 7% biracial, 3% other of those included at age 20). Children and mothers were seen almost yearly from age 1.5-23 in the laboratory and/or home with assessments that included questionnaires, psychiatric interviews, and at age 20, an MRI scanning session. fMRI data were available for 167 men (see Supplemental Methods and S1) consistent with other publications from this sample using this task (Gard et al., 2017; Hyde et al., 2015; Mattson et al., 2016) . The sample was originally recruited to study the onset and progression of conduct problems over time, hence the focus only on boys.
However, as these boys were raised in low-income, urban environments, they were exposed to a myriad of stressors and heightened risk for a variety of maladaptive outcomes, including internalizing symptoms and disorders. These aforementioned factors make this high-risk community sample useful for the study of internalizing psychopathology (Mattson et al., 2016; Morgan et al., 2016; Morgan et al., 2013) . Participants were reimbursed for their time at the end of each assessment and all procedures were approved by the institutional review board of the University of Pittsburgh.
fMRI task
Participants performed an implicit emotional face processing task (Hariri et al., 2002) , which consists of four blocks of perceptual face processing interleaved with five blocks of sensorimotor control (see also Hyde et al., 2015; Manuck et al., 2007 ) (see S2). Participants viewed a trio of faces and selected one of two faces (bottom) identical to a target face. Each face processing block consisted of six images, balanced for sex, all derived from a standard set of pictures of facial affect (Ekman and Friesen, 1976) . Each of the four face processing blocks consisted of a different emotional facial expression (i.e., anger, fear, surprise, neutral), and participants were randomly assigned to one of four different orders of block presentation. During the sensorimotor control blocks, participants viewed a trio of simple geometric shapes (circles, vertical and horizontal ellipses) and selected one of two shapes (bottom) identical to a target shape (top). All blocks were preceded by brief instructions (''Match Faces'' or ''Match Shapes'') lasting 2 s. In the face processing blocks, each of the six face trios was presented for 4s with a variable interstimulus interval (ISI) of 2-6s (mean ¼ 4 s) for a total block length of 48s. A variable ISI was used to minimize expectancy effects and resulting habituation, as well as to maximize amygdala reactivity throughout the paradigm. In the sensorimotor control blocks, each of the six shape trios was presented for 4s with a fixed ISI of 2s for a total block length of 36s. Total task time was 390s.
Data acquisition
Each participant was scanned with a research-dedicated Siemens 3T TIM Trio. Blood oxygenation level-dependent (BOLD) functional images were acquired with a gradient-echo echoplanar imaging (EPI) sequence (TR/TE ¼ 2000/29 ms, FOV ¼ 200 Â 200), which covered 34 interleaved axial slices (3-mm slice thickness). BOLD functional images were aligned with the AC-PC plane and encompassed the entire cerebrum and most of the cerebellum to maximum coverage of limbic structures. All scanning parameters were selected to optimize the quality of the BOLD signal while maintaining a sufficient number of slices to acquire whole-brain data. Before collecting fMRI data for each participant, a reference echoplanar imaging scan was acquired and visually inspected for artifacts (e.g., ghosting) and good signal across the entire volume of acquisition. Additionally, an autoshimming procedure was conducted before the acquisition of BOLD data in each participant to minimize field inhomogeneities.
Imaging data pre-processing
Functional data were analyzed in SPM8 (Statistical Parametric Mapping, Wellcome Trust Centre, London, United Kingdom). Images for each participant were segmented, realigned to the mean volume in the time series, unwarped to correct for head motion, co-registered to high resolution structural scans (MPRAGE), spatially normalized into a standard stereotactic space (MNI template) using a 12-parameter affine model, and smoothed to minimize noise and residual difference in gyral anatomy with a Gaussian filter set at 6 mm FWHM. Voxelwise signal intensities were ratio-normalized to the whole-brain global mean. After preprocessing, the Artifact detection Tools (ART) software package (http:// www.nitrc.org/projects/artifact_detect/) was used to detect global mean intensity and translation or rotational motion outliers (>4.5 SD from the mean global brain activation, >2 mm movement or 2 translation in any direction); nuisance covariates were created for all volumes satisfying one of these criteria. Additionally, because of the relatively extensive signal loss typically observed in the amygdala, single-subject BOLD fMRI data were only included in subsequent analyses if there was a minimum of 90% signal coverage in the amygdala bilaterally, defined using the Automated Anatomical Labeling (AAL) atlas in the WFU PickAtlas Tool, version 1.04 (Maldjian et al., 2003) . The accuracy criterion for the task was !75%; 19 participants were removed from the imaging sample because of motion, signal coverage, and behavioral quality control criteria (S1).
Functional connectivity analysis
Psycho-physiological interaction (PPI) analyses in the generalized PPI toolbox (McLaren et al., 2012) in SPM8 were used to measure context-dependent connectivity of the left and right amygdala. In a PPI analysis, a design matrix is constructed at the level of the individual with the following columns of variables: (a) a physiological variable that represents the time course of the seed region (e.g., left or right amygdala) across the task, (b) a psychological variable indicating the experimental variable (e.g., onset times for an experimental condition), and (c) a product term of the interaction between the physiological and psychological variables. At the individual level, the regression coefficient for the interaction term represents the change in activity between the seed and identified "target region" across different conditions, such as emotional face types (i.e., the seed-target functional coupling is context-dependent). The gPPI toolbox developed by McLaren et al. (2012) allows for the simultaneous specification of all task conditions and interactions with the seed region time series in the same individual-level model (Friston et al., 1997) . This is advantageous because it reduces the number of specified models and the overall type I error rate. Moreover, compared to correlation methods (Rissman, Gazzaley, & D'esposito, 2004) , gPPI methods have been found to be more powerful for detecting functional connectivity during block designs (Cisler et al., 2014) .
As we were interested in reporting amygdala connectivity during the emotional faces matching paradigm (i.e., the group-level PPI effects) across the entire brain, we defined the left and right amygdala as the seed regions (AAL definition using WFU PickAtlas, version 1.04; Maldjian et al., 2003) . Two general linear models at the individual level were constructed (i.e., one for the left amygdala seed and one for the right amygdala seed). Using the gPPI toolbox, the time series of the left or right amygdala seed was entered as the physiological variable in the design matrix, the explanatory variables for each of the five conditions in our task (i.e., facial expressions of fear, anger, surprise, and neutral faces, and shapes) were entered as psychological variables, and the five product terms between the amygdala seed and conditions were entered as the interaction terms. As we were interested in whether functional coupling of the left or right amygdala and target regions varied as a function of emotional face type, we specified three primary contrasts at the individual level: fearful faces interaction term > shapes interaction term, angry faces interaction term > shapes interaction term, and neutral faces interaction term > shapes interaction term. However, as the amygdala plays a role in broad salience detection and emotion processing above and beyond threat processing specifically (Fitzgerald et al., 2006; Whalen and Phelps, 2009) , we also examined connectivity of the left and right amygdala in the all faces > shapes contrast. Contrasts from the individual level models were then used in random effects, group-level models (i.e., there were 8 total group-level models: left and right amygdala X 4 contrasts). In our analysis, a significant fear > shapes PPI at the group level would suggest increased positive covariation of activity in the seed (i.e., left or right amygdala) and the target region (indicated by a positive regression weight) while participants are viewing fearful facial expressions than at shapes. Conversely, a significant fear < shapes PPI (i.e., indicated by a negative regression weight) would suggest increased negative covariation of activity in the seed and the target region while participants are looking at fearful facial expressions than at shapes. To identify target regions that were more strongly positively or negatively connected with the left or right amygdala, we followed an unbiased whole brain approach. That is, we did not restrict our target regions to previously-defined regions of interest (ROI), a method which is limited by masking of potential target regions that have not yet been identified by previous literature. We report the extent thresholds (i.e., peaks) and cluster sizes of target regions that met a Family-Wise-Error (FWE) correction threshold of p < .05 for multiple comparisons across the entire brain, using SPMs built-in correction procedure. To examine the associations between amygdala functional connectivity and behavioral outcomes, we extracted all significant group-level PPI effects (i.e., as the principal eigenvariate of each target cluster across subjects) by contrast (e.g., rostral ACC target region in the fearful faces versus shapes contrast).
Behavioral measures and data analysis
Symptoms of internalizing psychopathology were modeled at both ages 20 and 22 as a latent variable within a structural equation modeling (SEM) framework using full information maximum-likelihood (FIML) estimation in Mplus version 7.2 (Muth en and Muth en, 2006). Validated self-reported and clinician-rated measures of anxiety and/or depression were used as indicators of the latent internalizing measure, with the same measures used at ages 20 and 22: (1) self-reported total score on the Beck Depression Inventory (Beck et al., 1961) (2) self-reported total score on the Beck Anxiety Inventory (Beck et al., 1988) , (3) clinician-rated symptom count of current Major Depressive Disorder using DSM-IV criteria on the Structured Clinical Interview (SCID) of the Diagnostic and Statistical Manual (DSM) IV Axis I disorders (First et al., 1995) , and (4) clinician-rated symptom count of current social phobia using DSM-IV criteria on the SCID (First et al., 1995) . Symptoms of social phobia, rather than symptoms of generalized anxiety disorder (GAD), were included as indicators of latent internalizing because more participants reported social phobia symptoms (e.g., n ¼ 39 at age 22) than symptoms of GAD (e.g., n ¼ 12 at age 22), resulting in more variation in the latent factor and better model fit. Descriptive statistics, reliability of self-reported depression and anxiety, and zero-order correlations between indicators of the internalizing factor are reported in S3. Confirmatory (Kline, 1998) and all factor loadings were greater than 0.3 and significant at the 95% confidence interval, suggesting that the underlying latent construct of internalizing explained a significant portion of the variance in each of the observed indicators (see S4).
We constructed SEM models to test whether amygdala connectivity at age 20 predicted changes in the latent construct of internalizing psychopathology from ages 20 to 22. FIML estimation uses the covariance matrix of all available data to produce unbiased estimates and standard errors in the context of missing data (McCartney et al., 2006) . Thus, our sample size for our SEM models was 167 (i.e., the number of young men with valid imaging data), despite 10 young men missing some behavioral data at age 22 (see Supplemental Methods). To test our hypothesis that negative connectivity between the left and right amygdala and the mPFC during socioemotional processing would predict increases in internalizing behaviors, we tested two models. Model 1 included all (i.e., across all neural contrasts) negative group-level PPI effects with prefrontal target regions as predictors of changes in internalizing psychopathology Tables 1 and 2 The fMRI task paradigm is pictured in Supplemental Material S2. from ages 20-22 (5 predictors). Model 2 tested a more stringent model that included all identified negative group-level PPI effects (i.e., including target regions outside of the prefrontal cortex) in the same model (12 predictors). In both models, we accounted for the covariance in the predictors so that brain-behavior pathways represented unique effects. In all models linking neural function to behavior, we also controlled for the effects of participant monthly income at ages 20 and 22 (i.e., a mean across the two ages) as an index of SES, which has been shown to influence neural function (Javanbakht et al., 2015) and internalizing psychopathology (Robins and Regier, 1991) . Note that our results did not change when we accounted for educational attainment as an additional measure of SES. We also accounted for participant race and total score on the self-report of delinquency (SRD; Elliott et al., 1985) at age 20 in analyses, based on the comorbidity of externalizing and internalizing psychopathology and the original goal of studying externalizing disorders in this sample (Kessler et al., 2005; Shaw et al., 2012) .
Results
Positive connectivity of the left and right amygdala during face versus shapes processing Consistent with the facial stimuli being more visually complex than the shapes stimuli, across all contrasts we examined, the task elicited significantly greater positive connectivity between the left and right amygdala and visual processing regions (Table 1) while participants viewed the facial stimuli versus the shapes stimuli. More specifically, activity in both the left and right amygdala was more strongly positively connected with activity in the bilateral inferior occipital gyrus and the fusiform gyrus while participants viewed fearful facial expressions than when participants viewed shapes stimuli (Fig. 1) . Second, activity in both the left and right amygdala was more strongly positively connected with bilateral activation in the middle occipital gyrus and the fusiform gyrus while participants viewed angry facial expressions as compared to shapes (Fig. 2) . Finally, the task elicited greater positive connectivity between the left amygdala and the right lingual gyrus, left middle occipital gyrus, and right fusiform gyrus. There was also greater positive connectivity between the right amygdala and the right middle and inferior occipital gyri and the left fusiform gyrus while participants viewed neutral faces versus shapes stimuli (Fig. 3) . Similar target regions were also identified for the all faces versus shapes contrast (Table 1) .
Negative connectivity of the left and right amygdala during face versus shapes processing Consistent with our hypotheses, the amygdala was more negatively connected to multiple regions within the PFC and cingulate cortex (Table 2 ) during face processing than during shapes processing. For fearful facial stimuli versus shapes, activity in the left amygdala was more negatively connected with activity in the left middle frontal gyrus (MFG) Fig. 2 . Group-level PPI effects of left and right amygdala connectivity while looking at angry facial expressions versus shapes. N ¼ 167. Positive connectivity group-level PPI effects of the right amygdala are shown in red and of the left amygdala are shown in pink. Negative connectivity grouplevel PPI effects of the right amygdala are shown in dark blue of the left amygdala are shown in light blue/turquoise. Details about the target regions (e.g., MNI coordinates, cluster size and extent) are reported in Tables 1 and 2 The fMRI task paradigm is pictured in Supplemental Material S2.
(corresponding to the left dlPFC [see S5 for methods]) and the left posterior cingulate cortex (PCC) (BA 23). Activity in the right amygdala was more negatively connected with activity in the bilateral middle cingulate gyrus (MCC) (BA 23), the left rostral ACC, the left PCC (BA 23), and the bilateral cuneus (Fig. 1) . For angry facial expressions versus shapes, the left amygdala was more negatively connected to the left middle occipital gyrus. For neutral faces versus shapes, the right amygdala was more negatively connected to the left MFG (BA 10), the right rostral ACC (BA 32), and the left inferior frontal gyrus (IFG) (corresponding to the left dlPFC [see S5 for methods]) (Fig. 3) . Finally, activity in the bilateral amygdala showed stronger negative connectivity with multiple target regions while participants viewed all faces versus shapes, including the left MFG (BA 10), right rostral ACC (BA 32), right medial orbitofrontal cortex (BA 32) (corresponding to the vmPFC), bilateral cuneus, right supramarginal gyrus (BA 40), and right superior frontal gyrus (BA 10) ( Table 2 ). Thus, we found multiple target regions in both the prefrontal cortex and the cingulate (posterior, middle, and anterior) that were more strongly negatively connected with the amygdala during face processing versus shapes processing, but these patterns differed by the face type examined.
Neuroprediction model of internalizing behaviors in young adulthood
We next examined whether negative connectivity between the amygdala and target regions within the PFC (i.e., ACC, MFG, IFG) across all potential neural contrasts predicted increases in internalizing behaviors from age 20 to 22 within a SEM framework. Extracted grouplevel PPI effects showed only modest-to-moderate inter-correlations in zero-order associations (i.e., .001 < r < .40) (see S6), suggesting that these extracted estimates of amygdala connectivity were tapping unique aspects of amygdala functional connectivity, justifying their inclusion in a single model.
We found that weaker negative connectivity between the left amygdala and left MFG during fear processing and stronger negative connectivity between the right amygdala and left IFG during neutral face processing -each uniquely predicted increases in internalizing behaviors from age 20 to age 22 (Fig. 4) . These associations remained significant in a more stringent model that additionally accounted for symptoms of antisocial personality disorder, alcohol and drug use and abuse, attention-deficit hyperactivity disorder, and family income during infancy. This stringent model was examined to confirm the specificity of the group-level PPI effects on internalizing behaviors (see Supplemental Methods for descriptions of the additional behavioral controls). In a second model, we included all the negative group-level PPI estimates that we did not originally hypothesize to be related to internalizing symptoms (e.g., amygdala-MCC and amygdala-PCC negative group-level PPI estimates during fear processing). In this model, we found that the prospective relations between amygdala-MFG connectivity during fear processing and amygdala-IFG connectivity during neutral faces processing and later internalizing symptoms did not change in direction or statistical significance (see S7). By examining all relationships within a single SEM, we were able to establish unique effects and controlled for multiple comparisons. Notably, in a third model that included all negative and positive group-level PPI estimates for all contrasts examined, Fig. 3 . Group-level PPI effects of left and right amygdala connectivity while looking at neutral faces versus shapes. N ¼ 167. Positive connectivity group-level PPI effects of the right amygdala are shown in red and of the left amygdala are shown in pink. Negative connectivity grouplevel PPI effects of the right amygdala are shown in dark blue and of the left amygdala are shown in light blue/turquoise. Details about the target regions (e.g., MNI coordinates, cluster size and extent) are reported in Tables 1 and 2 The fMRI task paradigm is pictured in Supplemental Fig. 1 . none of the positive group-level PPI estimates predicted internalizing (results available upon request). Thus, results were specific to negative connectivity.
Finally, to examine whether significant brain-behavior relations were specific to a broad latent internalizing construct (i.e., variance shared by depression and anxiety) rather than individual symptom domains, we examined a final model with separate measures of anxiety and depression as the outcome variables while accounting for their covariance. As shown in S8, weaker negative amygdala-MFG connectivity during fearful face processing predicted increased vulnerability to both depression and anxiety, supporting its longitudinal effects on general internalizing psychopathology. However, stronger negative amygdala-IFG connectivity during neutral face processing predicted increased risk for anxiety symptoms only (S8).
Discussion
In a sample of racially diverse young adult men from low-income urban families, we examined the connectivity of the left and right amygdala during emotional face processing. Using gPPI methods, we established that positive and negative connectivity between the amygdala and target regions was modulated by task condition (i.e., neutral, fearful, or angry faces versus shapes). Importantly, we also found that weaker negative amygdala-MFG connectivity to fearful faces and stronger negative amygdala-IFG connectivity to neutral faces predicted increases in internalizing symptomatology from age 20 to age 22.
The target regions that were negatively functionally connected to the amygdala varied by task condition, suggesting that connectivity of the amygdala is modulated by exposure to different types of emotional facial expressions. During neutral and fearful face processing, activity in the amygdala was negatively connected with activity in the MFG and rostral ACC, consistent with prior research suggesting a role for the rostral mPFC in emotion regulation (Etkin et al., 2006; Kim et al., 2011) . However, the IFG was only negatively connected to the amygdala for the neutral > shapes contrast. Prior research suggests that the IFG is especially important in processing ambiguous stimuli like neutral faces. For example, Nomura et al. (2003) reported relatively greater IFG activation while participants viewed emotionally ambiguous versus emotionally unambiguous facial stimuli. In addition, only the PCC (BA 23) was negatively connected to the amygdala during fear processing. The PCC is involved in orientation towards and interpretation of environmental cues (Vogt et al., 1992) , and is part of the default mode network (Raichle et al., 2001) . Our findings suggest that the PCC may play a regulatory role in modulating amygdala response to fearful stimuli specifically. No target regions at the whole brain correction threshold exhibited negative connectivity with the amygdala seed regions for the Fear > Neutral or Anger > Neutral contrasts. Estimates highlighted in boldface font were the clusters that were used in behavioral prediction models (Fig. 4) . Whole brain FWE-corrected: *p < .05, **p < .01, ***p < .001.
It is surprising that we found no group-level PPI effects for the angry facial expressions versus shapes contrast, particularly given that angry faces with direct eye gaze may reflect a clear threat (Adolphs, 2002; Davis and Whalen, 2001; Ekman and Friesen, 1976) . Moreover, the young men in this same sample show the expected pattern of greater amygdala reactivity to angry faces versus shapes (Gard et al., 2017; Mattson et al., 2016) . Thus, the non-significant group-level PPI effects for the angry facial expressions contrasts should be interpreted with caution. Finally, amygdala seed regions exhibited expected positive connectivity with visual processing regions (e.g., fusiform gyri, middle occipital gyrus), which was similar across all face types. These findings suggest generality in functional connections within the visual processing system to emotional faces, but specificity of amygdala-PFC connectivity during different types of socioemotional processing.
We next used SEM to examine whether the negative corticolimbic group-level PPI estimates at age 20 predicted changes in internalizing symptoms at age 22, while controlling for internalizing symptoms at age 20. Findings indicated that weaker negative amygdala-MFG connectivity during fearful face processing and stronger negative amygdala-IFG connectivity during neutral face processing predicted increases in internalizing symptoms from age 20 to 22. Both the MFG and IFG target regions fell within the lateral PFC (Fig. 4) , a cognitive control region important for the allocation of attentional resources (Fuster, 2001) . Based on its role in supporting goal-directed behavior (Ochsner and Gross, 2005) , the lateral (particularly the dorsolateral) PFC is important for the regulation of mood and emotion (Pessoa, 2008) . Neuroimaging studies suggest that individuals with depression, which is marked by cognitive dysfunctions such as impaired working memory and attentional processing, show hypoactivation in the dlPFC (Koenigs and Grafman, 2009; Ochsner and Gross, 2005) . However, much of this research has focused on cognitive tasks (e.g., working memory) or resting state connectivity, rather than emotional face processing. Critically, these studies have not examined prospective associations between amygdala-lateral PFC connectivity and the development of internalizing symptoms. Our results suggest that weaker negative amygdala-lateral PFC connectivity during fearful face processing, likely reflecting decreased prefrontal regulation, may contribute to increased vulnerability for increasing internalizing psychopathology during young adulthood. Moreover, this connectivity estimate predicted both the broad internalizing construct and depression and anxiety symptoms when examined separately, suggesting that this a risk factor for broad internalizing psychopathology.
In contrast to expectations, it was found that stronger negative amygdala-IFG functional connectivity during neutral face processing predicted increases in internalizing symptoms (and specifically anxiety symptoms) two years later. Connectivity estimates reflect bottom-up signaling from the amygdala to PFC regions and/or top-down regulatory signaling from the PFC to the amygdala. Thus, speculatively, it is possible that the ambiguous nature of neutral faces elicits stronger bottom-up signaling from the amygdala to the IFG during neutral face viewing and stronger top-down PFC input, particularly for participants with anxiety symptoms. Anxious participants relative to controls show greater amygdala reactivity to neutral faces (Somerville et al., 2004) , and are thought to interpret ambiguous stimuli as threatening (Monk, 2008) . Future studies capable of evaluating participant-reported valence of neutral faces, and studies that include other less ambiguous/non-threatening faces (e.g., calm) are needed to empirically test this explanation.
There were many strengths to this study, including the relatively large sample size for a fMRI study, the focus on a racially diverse and lowincome population of men that has been understudied in prior research (Henrich et al., 2010) , the characterization of amygdala functional connectivity during the processing of multiple face types using gPPI, and the examination of a prospective neuroprediction pathway to internalizing symptomatology modeled as a latent construct using SEM. However, several limitations warrant consideration. First, the baseline condition in our paradigm was a non-face shapes stimulus. Thus, our connectivity results could be identifying target regions that were more strongly functionally connected to the amygdala during general face processing rather than processing of a specific emotion. At the same time, we found that connectivity of the amygdala was moderated by condition: different target regions were engaged while participants were exposed to fearful, neutral, or angry faces, suggesting that even our contrasts comparing an emotional face type to a non-face shapes stimulus highlight differences based on emotional facial expression. Second, we did not collect participant ratings of the valence or emotional content of the facial stimuli. Though fearful and angry facial expressions are ecologically-valid stimuli thought to convey threat and/or distress (Adolphs, 2002; Davis and Whalen, 2001; Ekman and Friesen, 1976; Wager et al., 2003) , and recent studies find that participants view ambiguous neutral faces as threatening in some contexts (Davis et al., 2016; Marusak et al., 2016) , we cannot be certain of our participants' interpretation of these emotional facial stimuli. Third, PPI analyses do not establish directionality, as these analyses do not provide information about temporal ordering for either the positive or negative connectivity estimates. Hence, we cannot conclusively determine whether the amygdala-PFC connectivity observed here reflects bottom-up signaling from the amygdala to PFC or top-down signaling from the PFC to the amygdala. Fourth, we focused only on low-income males, meaning that our results may not be generalizable to other populations (e.g., rural samples, women, more socioeconomically-advantaged segments of the population). This issue of generalizability is particularly relevant based on our non-significant negative group-level PPI effects during angry face processing. At the same time, our study contributes to recent efforts in the neuroimaging literature to include more diverse participants (Falk et al., 2013) . Finally, although we found that corticolimbic connectivity was associated with increases in internalizing psychopathology from ages 20 to 22, future studies beginning in middle-childhood could help to establish whether the same disrupted patterns of task-based neural connectivity precede the onset of internalizing disorders earlier in development.
In sum, we present connectivity patterns of the left and right amygdala during face processing in a racially diverse sample of young men raised in low-income, urban, environments. Our results stress the importance of examining multiple face types within one analysis, as it appears that prospective associations between corticolimbic connectivity and the development of internalizing symptoms depends on the type of facial expression examined. Therefore, these different face types may tap various aspects of socioemotional processing related to threat and ambiguity that differentially predict future vulnerability for internalizing psychopathology. Our findings highlight the utility of an analytic strategy that combines functional connectivity analyses with SEM to predict how multiple patterns of neural function uniquely predict changes in psychopathology, which we modeled as a latent construct to account for comorbidities in internalizing symptoms. Our prediction model implicates amygdala functional connectivity as a premorbid vulnerability for later psychopathology, which could eventually be used as a method for identifying individuals at risk for mental health problems.
